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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The scanning Lorentz force probe microscope which opposite arrangement is carried 
out on a sample front face, and is characterized by having a Lorentz force detection means to 
detect the ****** Lorentz force, between the probe to which a current flows, the power source 
for passing a current to said probe, and the current which flows to said probe and the magnetic 
flux on said front face of a sample. 

[Claim 2] Said probe is a scanning Lorentz-force probe microscope according to claim 1 
characterized by contacting said sample front face and carrying out opposite arrangement. 
[Claim 3] Said probe is a scanning Lorentz-force probe microscope according to claim 1 
characterized by maintaining non-contact and carrying out opposite arrangement to said sample 
front face. 

[Claim 4] It is the scanning Lorentz force probe microscope of claim 1-3 which the optical 
system to which it is fixed to the free end of a cantilever, and said probe bends in said 
cantilever, and detects an amount is established, and is characterized by said Lorentz force 
detection means being what detects the amount of bending of said cantilever produced when 
said probe receives the Lorentz force according to said optical system given in any 1 term. 
[Claim 5] It is the scanning Lorentz force probe microscope of claim 1-3 which said probe is 
fixed to the free end of a cantilever, and the piezoresistance object is formed in said cantilever, 
and is characterized by said Lorentz force detection means being what detects the amount of 
bending of said cantilever produced when said probe receives the Lorentz force by resistance 
change of said piezoresistance object given in any 1 term. 

[Claim 6] The probe to which opposite arrangement is carried out on a sample front face, and 
alternating current flows, and the cantilever which fixed said probe to the end, A Lorentz-force 
detection means to detect vibration of the cantilever by the ****** Lorentz force between the 
AC power supply for passing alternating current to said probe, and the alternating current which 
flows to said probe and the magnetic flux on said front face of a sample, and to detect said 
Lorentz force, The scanning Lorentz-force probe microscope characterized by having the 
migration means to which said probe is relatively moved to said sample. 

[Claim 7] A magnetic-recording medium and the probe to which opposite arrangement is carried 
out on said magnetic-recording medium front face, and alternating current flows, The cantilever 
which fixed said probe to the end, and the AC power supply for passing alternating current to 
said probe, A Lorentz-force detection means to detect vibration of the cantilever by the ****** 
Lorentz force between the alternating current which flows to said probe, and the magnetic flux 
on said front face of a sample, and to detect said Lorentz force, The information regenerative 
apparatus characterized by having the migration means to which said probe is relatively moved 
to said magnetic-recording medium. 

[Claim 8] A magnetic-recording medium and the magnetic-recording head which records an 
information signal on said magnetic-recording medium, The probe to which opposite arrangement 
is carried out on said magnetic-recording medium front face, and alternating current flows, and 
the cantilever which fixed said probe to the end, A Lorentz-force detection means to detect 
vibration of the cantilever by the ****** Lorentz force between the AC power supply for 
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passing alternating current to said probe, and the alternating current which flows to said probe 
and the magnetic flux on said front face of a sample, and to detect said Lorentz force, The 
information record regenerative apparatus characterized by having the migration means to which 
said magnetic-recording head and said probe are relatively moved to said magnetic-recording 
medium. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the information record regenerative apparatus 
using the scanning Lorentz-force probe microscope and this which start the information record 
regenerative apparatus which used a scanning probe microscope and this, especially detect a 
****** Lorentz force between a probe and a sample front face. 
[0002] 

[Description of the Prior Art] The scanning microscope which can scan a probe and can observe 
the information on the front face of a sample in a detail to nm order is used widely. The atomic 
force microscope (it is called AFM for short AtomicForce Microscope and the following) which 
the microscope which detects and displays the tunnel current between a probe and a sample 
scans a scanning tunneling microscope (STM) and a probe, and displayed distribution of 
******** between the sample and the front face belongs to this. 

[0003] AFM scans the probe attached at the tip of a cantilever, and detects *** ** *** between 
a probe and a sample. As force which a probe detects in AFM, Van der Waals force, and the 
electric force and the magnetic force according to Coulomb's law are main. The detailed 
information about a sample front face can be acquired from the distribution in the sample front 
face of these force. 

[0004] A magnetic force microscope (it is called MFM for short Magnetic Force Magnetometer 
and the following) is one of those into which AFM developed. This is carried on the 50th volume 
and the 1455-1 457th page in applied physics Letters (Applied Physics Letters) and 1987. 
According to the MFM, since the field which comes out of magnetic-thin-film samples, such as a 
magnetic-recording medium, by detection of magnetic force is detectable, it is promising also as 
a means to reproduce the information signal recorded on the magnetic-recording medium by high 
density. 

[0005] In MFM, the point of a probe is constituted from the magnetic substance and ******** j s 
detected as a signal between this soft magnetic material and the magnetic flux of a magnetic- 
recording medium front face. In using as a means to reproduce the information signal recorded 
on the magnetic-recording medium by high density in this, it reproduces information with this 
signal. As a probe of MFM, the thing using the 52nd volume and the magnetized iron carried on 
the 244-246th page is begun, and there will be a thing using the thin film of the 69th volume, 
nickel-Fe carried on the 5883-5885th page, or Co-PtCr in a journal OBU applied physics 
(Journal of Applied Physics) magazine and 1991 in applied physics Letters (Applied Physics 
Letters) and 1 988. Moreover, carrying out alternating current magnetization of the probe to U.S. 
Pat. No. 5436448, and using it for it with a coil, is indicated. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in such a conventional MFM, since what 
magnetized the magnetic substance was used for the probe, the record magnetization by which 
information record was carried out affected this magnetic substance and a magnetic-recording 
medium mutually during measurement, for example, there was a problem of changing 
magnetization of the magnetic substance of a probe. Then, this invention persons were able to 
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inquire by the ability having taken up acquiring the field distribution or flux density distribution on 
the front face of a sample, without using the magnetic substance for a probe as a technical 
problem, and were able to find out the new solution means expressed below. 
[0007] 

[Means for Solving the Problem] Opposite arrangement is carried out on a sample front face, and 
the scanning Lorentz-force probe microscope of this invention is characterized by having a 
Lorentz-force detection means to detect a ****** Lorentz force between the probe to which a 
current flows, the power source for passing a current to a probe, and the current which flows to 
a probe and the magnetic flux on said front face of a sample. 

[0008] In this invention, the current passed at the tip of a probe is passed so that the Lorentz 
force may be produced between the magnetic flux on the front face of a sample. For example, 
tunnel current, the displacement current, an ohmic current, a shot key current, etc. can be used 
as such a current that what is necessary is just to make between a probe and samples a current 
flow. 

[0009] In this invention, the probe and the sample may touch and can pass an ohmic current, a 
shot key current, etc. between a probe and a sample by being in contact The condition of these 
probes and a sample having contacted and having been contacted electrically is advantageous 
when passing a current in a probe rather than a non-contact condition, and since it can acquire 
the larger Lorentz force, it is desirable. Moreover, when contacting a probe and a sample, if the 
tip of a probe is conductivity, since conductivity is shown in a sample front face, and a current 
will tend to flow between these, it is desirable. As the quality of the material which gives the 
conductivity on the front face of a sample, ****** may also be good at magnetic films, for 
example, the magnetic substance which bears magnetic recording, such as a metal membrane, 
and you may be the nonmagnetic membrane which has conductivity. 

[0010] Moreover, by maintaining between a probe and samples at non-contact, and changing the 
electrical potential difference to apply in time as an approach of passing a current among these, 
it is the current which flows when changing the electric flux density D between a probe and a 
sample in time, and current density is [Equation 1]. 

Vl> ~~dt 

At least **** can use a current. According to the approach using the current which flows in the 
non-contact condition, since the probe tip is not in contact with a sample, it is desirable when 
detecting the force resulting from the Lorentz force with sufficient sensibility, without being 
barred by contact in a sample. 

[001 1] One approach that I accept it in order to pass a current between a non-contact probe 
and a sample front face is an approach of making a probe and a sample front face fully 
approaching, and passing among these, the current, i.e., the tunnel current, by the tunnel effect. 
When passing tunnel current, even if it does not change applied voltage in time, tunnel current 
can be passed, but since detection sensitivity can be raised by detecting vibration of the probe 
by the Lorentz force joining a probe by turns, alternating voltage is desirable as applied voltage. 
In addition, since tunnel current changes exponentially to the distance between a probe and a 
sample, it is desirable to establish the feedback system which keeps the distance between a 
probe and a sample constant. 

[0012] When using the displacement current and tunnel current which can be passed changing a 
probe and a sample front face into a non-contact condition, it is desirable to make a sample 
front face into conductivity. That is, since the variation of electric flux becomes [ the direction 
which has conductivity in a sample front face ] large in the displacement current, and tunnel 
distance will serve as smallness in tunnel current if conductivity is shown in a sample front face, 
it is desirable that a sample front face has conductivity. The quality of the material which gives 
conductivity to a sample front face may be the magnetic substance which bears magnetic 
recording, and may be a nonmagnetic membrane which has conductivity. 

[0013] In addition, the Lorentz force between the current of a probe and the magnetic flux on 
the front face of a sample can be used also by preparing current wiring of a round trip, supplying 
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a current to a probe, and having a current component parallel to a sample side in a cantilever in 
the point of a probe. 

[0014] In addition, invention which uses the Lorentz force for measurement of the flux density 
on the front face of a sample is indicated by JP,3-338864 A However, this invention gives 
Charge e to the point of a probe, moves the point of a probe at a rate nu, obtains Lorentz force 
F=e nuxB, and searches for magnetic flux from this Lorentz force. Therefore, in this invention, a 
sink differs a current from this invention which detects the ****** Lorentz force between this 
current and flux density fundamentally in a probe. 

[0015] Moreover, the scanning Lorentz-force probe microscope of this invention The probe to 
which opposite arrangement is carried out on a sample front face, and alternating current flows, 
and the cantilever which fixed the probe to the end, A detection means to detect the magnetic 
flux on the front face of a sample which detects vibration of the cantilever by the ****** 
Lorentz force between the AC power supply for passing alternating current to a probe, and the 
alternating current which flows to a probe and the magnetic flux on said front face of a sample, 
By having the migration means to which a probe is relatively moved to said sample, distribution 
of the Lorentz force between a sample front face and a probe can be detected, and the flux 
density distribution on the front face of a sample can be acquired after this. 
[0016] In the scanning Lorentz-force probe microscope of this invention, the approach light 
detects bending of the cantilever resulting from the Lorentz force on the front face of a sample, 
the approach of detecting by resistance change of the piezoresistance object which formed in 
the cantilever, etc. can be used for a means to detect a Lorentz force that what is necessary is 
just what has necessary sensibility and stability. 

[0017] Namely, it sets in the scanning Lorentz-force probe microscope of this invention. The 
optical system to which it is fixed to the free end of a cantilever, and a probe bends in a 
cantilever, and detects an amount is established. As a Lorentz force detection means The 
amount of bending of the cantilever produced when a probe receives a Lorentz force May use 
what is detected according to optical system, and a probe is similarly fixed to the free end of a 
cantilever. The piezoresistance object is formed in the cantilever and what detects the amount 
of bending of the cantilever produced when a probe receives a Lorentz force as a Lorentz-force 
detection means by resistance change of a piezoresistance object may be used. 
[0018] The approach using the piezoresistance object formed in the cantilever in these detection 
means at bending detection of the cantilever by the Lorentz force has the advantage that a 
detection system can be formed in a compact, compared with the case where optical system is 
used. In the case of the conventional scanning probe microscope, amelioration of the 
manufacture approach of the cantilever which many proposals are already made, for example, 
formed the piezoresistance object in JP,1 0-260360,A is indicated about using a piezoresistance 
object for bending detection of a cantilever. 

[0019] While high sensibility can be obtained by using light, the description which a cantilever has 
can be efficiently employed in detection of the Lorentz force in this invention by using a 
cantilever — it can constitute in a compact. Moreover, bending of the cantilever by the Lorentz 
force can give the form of having been suitable for detection with a piezoresistance object. For 
example, when a probe and a sample are contacted, the tip of a probe serves as the supporting 
point of a cantilever point, and when a Lorentz force works to a probe, the force of torsion 
works to a cantilever. Resistance change of the piezoresistance object formed in the cantilever 
is produced when a cantilever bends, and it can be said that torsion bending of the cantilever by 
the Lorentz force is suitable for detection with a piezoresistance object. 

[0020] In addition, a piezoresistance object is formed in a cantilever, and when detecting bending 
of the cantilever resulting from the Lorentz force on the front face of a sample, the current path 
of a piezoresistance object and the path which passes a current to a probe may be established, 
respectively, and you may make it use the same current path for the both sides of the current 
path of a piezoresistance object, and the path which passes a current to a probe. 
[0021] In this invention, alternating current can be used as a current passed to a probe, and the 
detection sensitivity of the Lorentz force can be raised by choosing and using the frequency 
near the resonance mode of a cantilever as a frequency of alternating current. 
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[0022] Moreover, some dc component can be added to the current passed to this probe at 
alternating current. By carrying out like this, by the direct-current component of the current 
passed to a probe, the resistance between a probe and the magnetic substance is acquired and 
the amount of strain bending can be standardized using this resistance. Moreover, the actual 
value of the alternating current between a probe and the magnetic substance may be measured, 
and the amount of strain bending may be standardized using the actual value of this alternating 
current. By this standardization, the effect of fluctuation of the resistance in the signal detected 
can decrease sharply, and can raise the precision and stability of detection of flux density by the 
Lorentz force. 

[0023] The probe used for this invention can raise the resolution of the magnetic-flux detection 
on the front face of a sample by making a probe thin and making the radius of curvature at a tip 
small. In this way, by fully raising the resolution of magnetic-flux detection of a probe, it 
becomes possible to detect reversal of the magnetization direction on the front face of a sample 
in the form of a dipulse. 

[0024] A Lorentz-force detection means by which the Lorentz force used for the scanning 
Lorentz-force probe microscope of this invention detects the magnetic flux on the front face of 
a sample is applicable to the magnetic-flux detection on the front face of a record medium in an 
information regenerative apparatus and an information record regenerative apparatus. 
[0025] Namely, the probe to which opposite arrangement of the information regenerative 
apparatus of this invention is carried out on a magnetic-recording medium and a magnetic- 
recording medium front face, and alternating current flows, The cantilever which fixed the probe 
to the end, and the AC power supply for passing alternating current to a probe, It is 
characterized by having a Lorentz-force detection means to detect vibration of the cantilever by 
the ****** Lorentz force between the alternating current which flows to a probe, and the 
magnetic flux on said front face of a sample, and to detect said Lorentz force, and the migration 
means to which a probe is relatively moved to a magnetic-recording medium. 
[0026] Moreover, the magnetic-recording head with which the information record regenerative 
apparatus of this invention records an information signal on a magnetic-recording medium and a 
magnetic-recording medium, The probe to which opposite arrangement is carried out on a 
magnetic-recording medium front face, and alternating current flows, and the cantilever which 
fixed the probe to the end, A Lorentz-force detection means to detect vibration of the 
cantilever by the ****** Lorentz force between the AC power supply for passing alternating 
current to a probe, and the alternating current which flows to a probe and the magnetic flux on 
said front face of a sample, and to detect a Lorentz force, It is characterized by having a 
magnetic-recording head and the migration means to which said probe is relatively moved to said 
magnetic-recording medium. 

[0027] If the information regenerative apparatus and information record regenerative apparatus 
which detect magnetic flux according to the Lorentz force of this invention are used, since the 
magnetic flux of a magnetic-recording medium front face can be detected directly and the 
magnetic flux of a minute field can be detected with high resolution according to the current 
which flows to the point of a detailed probe, it becomes possible to reproduce the information 
signal extremely recorded on high density. 
[0028] 

[Embodiment of the Invention] (Gestalt 1 of operation) Drawin g 1 is drawing having shown the 
detecting element of a ****** Lorentz force typically between the currents which flow to a 
probe and the magnetic flux on the front face of a sample in 1 operation gestalt of the scanning 
Lorentz-force probe microscope of this invention. In drawing 1 R> 1, the curve which the arrow 
head which the thick arrow head described on the sample front face 3 shows the direction of 
magnetization typically, comes out from a front face, and returns to a front face attached shows 
the flow of magnetic flux typically. 

[0029] In drawin g 1 , if Current I flows to the probe 2 prepared at the tip of a cantilever 1 , as for 
******** and a cantilever 1 , a Lorentz force will receive Force F in this current with the flux 
density B from the sample front face 3. the current per unit length — ****** Lorentz-force F - 
- the outer product of current phasor I and the flux density vector B — it is F=IxB. Then, when 
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only die-length L passes Current I to a probe, to a probe, ****** Lorentz-force UxB can be 
detected as vector quantity, and it can ask for the flux density B on the front face of a sample 
as vector quantity. 

[0030] In addition, in drawing 1 , the treatment for keeping away the current which flows a 
cantilever top from a sample front face as much as possible, in order to pass a current to a 
probe, and making the effect small is leaning the cantilever 1 to a sample flat surface. 
[0031] In drawing 1 , the source 80 of alternating voltage is used between a probe 2 and a 
sample 3, alternating voltage is impressed, and when it is made for the alternating current which 
goes back and forth between a probe and samples 3 as a current which flows to a probe 2 to 
flow, a ****** Lorentz force gives vibration of a longitudinal direction perpendicular to a current 
phasor and a flux density vector to a cantilever 1 at a probe 2. The light generated in 
semiconductor laser 4 can be reflected on the top face of this cantilever 1 , vibration of the 
cross direction of a cantilever can be detected as the lateral scattered light using the C-D signal 
of the quadrisection photodiode 5 using location change of the reflected light, and the frequency 
of vibration of the cross direction of this cantilever, the amplitude, a phase, etc. can be detected 
via a preamp 70. 

[0032] The C-D signal of a quadrisection photodiode means taking the C-D signal which is the 
difference considering the sum of two diode signals of the train of the length of the quadrisected 
photodiode as C and D here. In addition, in a quadrisection photodiode, the A-B signal which 
took the difference for the sum of two diode signals of the line beside the quadrisected 
photodiode as A and B is also detectable. This A-B signal can be detected to a C-D signal and 
coincidence, can detect the Van der Waals force which is force of the lengthwise direction of a 
cantilever, electrostatic force, etc., by keeping this A-B signal constant, can keep the distance 
of a probe and a sample constant, or can keep constant the force which forces a probe on a 
sample. 

[0033] Drawing 2 and drawing 3 are drawings having shown the result of having done in this way 
and having measured the Lorentz force as C-D signal amplitude of the quadrisection photodiode 
5, and the result of having calculated about the Lorentz force at the time of making the tip of a 
probe thin, as a horizontal change on [ both ] a sample side. The measured value of the point C- 
D signal amplitude of a white round head and a continuous line are the calculated value of the 
Lorentz force. The measurement result shown in drawing 2 and drawin g 3 contacts a probe 2 on 
the sample front face 3, supplies alternating current from AC power supply 80, and is obtained 
by passing 1 .Omicro of currents A for Lorentz force detection to a probe 2. It considered as the 
same conditions as the case of measurement except having changed the tip width of face of a 
probe also about count. 

[0034] The count result shown in drawing 2 assumes and calculates square wave-like 
distribution [ magnetic-flux ] on a sample front face, and drawing 3 is a theoretical formula 
[several 2] actually near about the field on the front face of a sample. 

H w m — (arctan — arctan — ) 

Wo *i *t 

******** count is carried out. However, MKs) are the magnetization in the magnetic substance, 
and the distance on the front face of the magnetic substance on which mu 0 set to 0 the 
boundary where the thickness of the magnetic substance and a carry out permeability and delta, 
and a flux reversal multiplier and z1 carry out the magnetic reversal of the distance from a 
magnetic-substance front face to a perpendicular direction, and x1. 

[0035] Thus, by making the tip of a probe thin shows that the resolution of magnetic-flux 
detection can be raised and reversal of the magnetization direction on the front face of a sample 
can be detected as a dipulse. 

[0036] Moreover, where a probe is contacted in a sample in this way, a cantilever has different 
resonance mode from the resonance mode of a non-contact condition. Therefore, also when it is 
in the condition which the probe and the sample contacted, the detection sensitivity of the 
Lorentz force can be raised by passing the alternating current of the frequency near resonance 
mode to a probe. 
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[0037] The frequency of the resonance mode in the condition of having contacted the probe and 
the sample changes in response to the effect of the magnitude of the force which forces a probe 
on a sample. For this reason, if the frequency of the alternating current which detects the 
Lorentz force is doubled with this resonance frequency, the inclination which a surface concavo- 
convex signal superimposes on a Lorentz force signal will be seen. Then, by shifting the 
frequency of alternating current a little from this resonance frequency, it could avoid that a 
surface concavo-convex signal was overlapped on a Lorentz force signal, and the Lorentz force 
image and the concavo-convex image were able to be separated and observed. For example, the 
center frequency of resonance mode was 100kHz, and when the frequency of alternating current 
was made into this frequency, as a result of making the frequency of alternating current a 
Lorentz force image to superposition having been found [ of the concavo-convex image ] in part 
at 93.9kHz, the Lorentz force image with which superposition of a concavo-convex image is not 
found was able to be obtained. Thus, the frequency of the alternating current shifted from 
resonance frequency can choose suitably the frequency within the limits at which it shifts from 
the resonance point to extent from which superposition of a concavo-convex signal does not 
become a problem to a Lorentz force signal, and the high sensitivity by resonance is maintained. 
[0038] (Gestalt 2 of operation) Drawing 4 is drawing having shown the detecting element of a 
****** Lorentz force typically between the current which flows to the probe in other 1 
operation gestalten of the scanning Lorentz-force probe microscope of this invention, and the 
magnetic flux on the. front face of a sample. The oscillating detection from a cantilever can 
simplify the configuration of an oscillating detection system by using optical fiber light 
interference equipment, as shown in drawing 4 . It is led with an optical fiber, the side face of a 
cantilever 1 in which the probe 2 was formed irradiates, the reflected light is again led to an 
optical fiber, and the laser beam from optical fiber light interference equipment is returned to 
optical interference equipment 61, and an interference light with the light which has not passed 
through reflection by the cantilever is detected by the photodetector, and it is changed into an 
electrical signal. In addition, in drawing 4 , the same sign was used to drawing 1 R> 1 and a 
common thing. 

[0039] Since an SN ratio becomes good so that it is high, the frequency of the alternating 
current passed to a probe is desirable, but if it becomes a RF, attenuation and delay in an 
electrical circuit of a signal will pose a problem. Then, attenuation and delay in an electrical 
circuit of a signal can be lessened as much as possible by arranging another edge of an optical 
fiber using the detection approach using an optical fiber near the circuit which is applying the 
alternating voltage for passing alternating current to a cantilever, and forming a photodetector 
here. 

[0040] Moreover, by doubling near [ one ] the resonant frequency of a cantilever, the frequency 
of alternating voltage can raise the detection sensitivity using the expansion of vibration and the 
change of a phase by resonance. 

[0041] (Gestalt 3 of operation) Drawing 5 is drawing having shown the detecting element of a 
****** Lorentz force typically between the currents which flow to a probe and the magnetic flux 
on the front face of a sample in 1 operation gestalt of further others of the scanning Lorentz- 
force probe microscope of this invention. In drawing 5 , the current for Lorentz force detection is 
passed to the probe 2 by contacting a probe 2 on the sample front face 3, and supplying 
alternating current from AC power supply 80. Since the probe 2 touches the sample front face 3, 
the tip of a probe 2 serves as the supporting point of the point of a cantilever 1 , and the 
torsion-like force works to a cantilever 1 according to a Lorentz force. The piezoresistance 
object 7 was formed for detection of torsion bending of this cantilever in the perimeter of a 
cantilever, resistance change of the piezoresistance object 7 detected the! Lorentz force, and it 
has inputted into the preamp 70. 

[0042] Thus, by using a piezoresistance object for detection of the Lorentz force from a 
cantilever, a detection system can be constituted in a compact and high sensibility can be 
obtained by suitable use. 

[0043] (Gestalt 4 of operation) Drawing 6 is drawing having shown typically 1 operation gestalt of 
the system configuration of the scanning Lorentz-force probe microscope of this invention, (A) 
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is the block diagram and elevation of the sample section, and (B) is the top view of the sample 
section. In drawing 6 R> 6, the probe 2 was held at free one end of a cantilever 1, and this probe 
2 has approached and countered the sample 3. 

[0044] AC power supply 80 is connected to a probe 2 through a cantilever 1, and alternating 
voltage is given between the probe 2 and sample 3 front face. With this alternating voltage, 
Current I flows to a probe 2 and the displacement current flows in sample 3 front face from a 
probe 2. Between this alternating current I (die-length L) that flows to a probe, and the flux 
density B from a sample front face, the Lorentz force of F=LixB is Since Current I is 

alternating current, Lorentz-force F gives vibration to a cantilever 1 . If the sense of flux density 
B is the direction of right and left of drawing 3 of (A) and (B) (the direction of X) and the current 
I which flows to a probe 2 is a direction (Z direction) perpendicular to sample 3 front face, 
Lorentz-force F will vibrate a cantilever crosswise (the direction of Y). 

[0045] As a frequency of the alternating current added to a probe, the frequency near the n-th 
proper oscillation (n>=1) about vibration of the cross direction of a cantilever 1 is desirable. 
After being taken up by the fiber interferometer 61 and amplified with a preamp 70, vibration of 
the cross direction of a cantilever 1 is inputted into a lock-in amplifier 71, it makes a reference 
sign the signal from AC power supply 80, and selection magnification is carried out. In addition, 
what is necessary is just to read the direction of magnetic flux in the phase of a crosswise 
vibration. 

[0046] On the other hand, a cantilever 1 and a probe constitute the atomic force microscope 
which detects the irregularity on the front face of a sample, and are controlling it to keep the 
distance of a sample 3 and a probe 2 constant. For this reason, the piezoelectric device 5 for 
excitation is attached in the attaching part of the back end of a cantilever 1 . The oscillation 
output signal from an oscillator 9 is supplied to this piezoelectric device 5, and excitation of the 
cantilever 1 is carried out on the frequency near the proper oscillation of that thickness 
direction through this piezoelectric device 5. After vibration of a cantilever 1 is detected by 
optical fiber light interference equipment 62 and amplified with a preamp 8, it is inputted into a 
lock-in amplifier 10. 

[0047] It is the configuration of this atomic force microscope, for example, a cantilever 1 bends 
according to the force between atoms which will be generated between a probe 2 and a sample 3 
if a probe 2 approaches a sample 3, thereby, the output signal which the output of optical fiber 
light interference equipment 62 changed, and changed is amplified by the suitable amplitude with 
a preamp 8, and the lock-in amplifier 10 for concavo-convex image observation is supplied. This 
lock-in amplifier 10 outputs the signal which chose and amplified the frequency component of 
the frequency of the output signal from an oscillator 9 about the signal from the inputted optical 
fiber light interference equipment. 

[0048] The output signal from this lock-in amplifier 1 0 is sent to the error amplifier 1 1 , with the 
error amplifier 11, the gap with the fixed electrical potential, difference set up with this output 
and reference voltage V, i.e., fixed vibration frequency, is outputted, and this output is sent to Z 
piezoelectric-device drive power source 13 through a filter 12. This Z piezoelectric-device drive 
power source 1 3 supplies the electrical potential difference which keeps constant the distance 
between a probe 2 and a sample 3 (Z shaft orientations) based on the output signal from a filter 
12 and which carries out feedback control to a piezoelectric device 4. It is the component by 
which a piezoelectric device 4 controls each location of the X-axis (longitudinal direction of 
drawing 1 ) of a sample 3, a Y-axis (direction which intersects perpendicularly with the space of 
drawing 1 ), and Z shaft orientations (the vertical direction of drawin g 1 ) here. A filter 1 2 is 
formed in order to operate such a feedback circuit to stability. The output of this filter 12 is the 
signal of the concavo-convex image of sample 3 front face, and this signal is sent to the image 
display device which is not illustrated. 

[0049] Under the control which keeps constant the distance between such probes 2 and samples 
3, alternating voltage is given between a probe 2 and a sample 3. By detecting the Lorentz force 
from vibration of the cross direction of a cantilever 1, giving the scan signal of X and the 
direction of Y further to a piezoelectric device 4, and carrying out the two-dimensional scan of 
the sample 3 Distribution of Lorentz force F can be acquired and it can display on an image 
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display device in quest of distribution of flux density B from the relation of F=LIxB using further 
predetermined LI value. By scanning by changing the relative include angle between a sample and 
a cantilever, distribution of the flux density B as vector quantity can be acquired. 
[0050] When it has conductivity and the width of recording track is narrowed, as for the 
ingredient of a probe, what has a small radius is good. For example, the carbon nanotube which 
has conductivity is suitable as an ingredient of a probe. 

[0051] Moreover, as for the cantilever used by this invention, it is desirable to make the spring 
constant of a lengthwise direction larger than a lateral spring constant, and to control vibration 
of the lengthwise direction when applying alternating voltage to a probe. 
[0052] Although two optical-fiber light interference equipments were used for detection of 
bending of the cantilever of a lengthwise direction and a longitudinal direction, like the gestalt 2 
of operation, it is bent by this operation gestalt using the A-B signal of a quadrisection 
photodiode, and a C-D signal, and an amount may be detected with it. Moreover, it bends using 
resistance change of a piezoresistance object like the gestalt 3 of operation, and an amount may 
be detected. 

[0053] (Gestalt 5 of operation) Drawing 7 is drawing having shown typically the principal part of 
the system configuration in 1 operation gestalt of the information regenerative apparatus 
adapting the scanning Lorentz-force probe microscope of this invention. In drawing 7 , the 
cantilever 2 is turned in the direction parallel to the hand of cut of the magnetic disk 30 which is 
a magnetic-recording medium. The cantilever 2 is being fixed to the vertical direction fine 
adjustment 5 in the condition of having leaned to the front face of a magnetic disk 30. Moreover, 
optical fiber light interference equipment 61 is fixed to the migration arm 34, and the physical 
relationship of optical fiber light interference equipment 61 and a cantilever 1 is maintained. 
[0054] If the alternating voltage which becomes a probe 2 from a square wave using AC power 
supply 80 is applied, the displacement current will flow between a probe 2 and a magnetic disk 
30. That is, since it has electrostatic capacity between a probe 2 and a magnetic disk 30, 
forward and negative charge come to exist in a probe 2 by turns, and a current flows in a probe 
by in-and-out to the probe of the charge by this alternating voltage. In this way, when it flows in 
a current to a probe in the direction perpendicular to the field of the magnetic disk 30 which is a 
magnetic-recording medium, the Lorentz force proportional to flux density parallel to a magnetic 
disk and the current which flows in a probe is perpendicular, and a magnetic disk is [ the 
longitudinal direction of a magnetic cantilever ] ******, parallel direction, i.e., cross direction. 
Since this Lorentz force will be reversed if the sense to which the current on a probe flows is 
reversed, a probe will vibrate to radial [ of a disk ] on the frequency of alternating voltage 
according to this Lorentz force. 

[0055] First, when the quadrisection photodiode detected this vibration as vibration of the lateral 
scattered light and the wave was measured with the digital storage oscilloscope, the probe 
vibrated on the same frequency as the input voltage frequency of a probe, and reversing the 
phase to the input voltage of probe vibration, if the direction of longitudinal magnetic recording of 
the direction of a cantilever of a sample becomes reverse was checked. Furthermore, when the 
electrical signal of vibration of the needle by the photodiode was inputted into the lock-in 
amplifier by making input voltage into a reference, it was checked with the sense of the flux 
density of the longitudinal direction of a cantilever that a lock-in amplifier output is reversed. 
[0056] Next, as shown in drawing 8 , with the direction of longitudinal magnetic recording, the 
cantilever has been arranged in the direction of a right angle, and when it had arranged so that 
the sense of a cantilever and the sense of magnetic flux may be in agreement, vibration of the 
cross direction of the probe by electrical-potential-difference impression was not observed. The 
include angle of the magnetic flux of a magnetic-recording medium and a cantilever to make is 
for ****** j n the die-length direction of a cantilever as the Lorentz force is shown at drawin g 8 
to having the relation this reason was indicated to be to drawing 1 or drawing 4 -5 with the 
gestalt of the above-mentioned operation since the Lorentz force was the outer product of a 
current and the flux density direction in this arrangement. Thus, detection of the ****** Lorentz 
force was able to be checked between the current of a probe, and the magnetic flux of a 
magnetic-recording medium. 
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[0057] Next the longitudinal magnetic recording of a sine wave was able to rotate the magnetic 
disk recorded on concentric circular, and was able to detect the phase of the transverse 
oscillation of a cantilever and the information corresponding to magnetic recording was able to 
be read. Moreover, the reading error of an information signal was able to be reduced by setting 
up the frequency of alternating current near the resonance frequency of the transverse 
oscillation of a cantilever. 

[0058] Next with the optical fiber light interference equipment 61 which replaced with the 
above-mentioned quadrisection photodiode and was fixed to the migration arm 34, vibration of 
the cross direction of a cantilever 1 was able to be detected and it was able to input into the 
lock-in amplifier 71 through the preamp 70, and selection magnification was able to carry out, 
was able to use the signal of AC power supply 80 as the reference sign, signal processing of this 
output was able to carry out with a signal processor 72, the information signal recorded on the 
magnetic-recording medium 30 was able to reproduce, and a playback output was able to obtain. 
[0059] In addition, although a polar change of the longitudinal direction amplitude of a cantilever 
was detected and this was made into the signal in the above example, the difference of the 
phase of the sinusoidal voltage currently impressed to the output signal and the piezo electric 
crystal for forced oscillation of an optical lever can be detected, and this can be made into the 
signal which detects the Lorentz force. Moreover, although omitted here, as the gestalt 3 of 
operation described, in order to keep the distance between a probe and a sample constant, the 
distance between a probe and a sample can be kept constant by the feedback control used with 
a non-contact atomic force microscope. Moreover, it may bend using resistance change of the 
piezoresistance object which originated in the longitudinal direction amplitude of a cantilever like 
the gestalt 3 of operation, an amount may be detected, and this may be used as a signal. 
[0060] Although the current which flows to a probe was made into the displacement current with 
this operation gestalt, the tunnel current which flows when a probe and a sample front face are 
non-contact is sufficient as the current which flows this probe, and it may be an ohmic current, 
a shot key current, etc. which flow when a probe and a sample front face contact. 
[0061] In passing to a probe the ohmic current which is a current which flows when a sample 
contacts a probe, a shot key current, etc. as a current which detects a Lorentz force, it 
considers as the condition that the probe and sample which are located at the tip of a cantilever 
contacted. After the probe and the sample have contacted, two or more different resonance 
modes from the resonance mode of a non-contact condition exist in the form corresponding to a 
cantilever configuration. Therefore, also in the condition that the probe and the sample 
contacted, detection sensitivity can be raised by passing alternating current with the frequency 
near such resonance modes to a probe. 

[0062] The frequency of the resonance mode in the condition that the probe and the sample 
contacted as already stated avoids superposition of a surface concavo-convex signal to the 
Lorentz force signal by being influenced of the magnitude of the force which forces a probe on a 
sample, and shifting the frequency of alternating current a little from this resonance frequency, 
since there is an inclination which a surface concavo-convex signal superimposes on a Lorentz 
force signal if the frequency of the alternating current which detects the Lorentz force is 
doubled with this resonance frequency. 

[0063] The well-known approach can be used about the information record in the information 
record regenerative apparatus of this operation gestalt. That is, the field of a recording 
information signal is generated with a coil, and the approach of magnetizing a magnetic-recording 
medium front face can be used by centralizing the magnetic flux of the signal by the probe of a 
soft magnetic material. s 

[0064] (Gestalt 6 of operation) Drawing 9 is drawing having shown typically what supplies a 
current to a probe from ****** and a cantilever by the cantilever^probe system used for 1 
operation gestalt of this invention, and gave the lateral current component near the tip of a 
probe. Others detected the vertical magnetic-flux component to the magnetic-recording medium 
side using the probe-cantilever system shown in drawing 9 by the configuration of the same 
magnetic recorder and reproducing device as drawing 4 of the gestalt 4 of operation. 
[0065] Drawin g 9 shows typically the perpendicular magnetic-flux component detection of the 
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magnetic flux from a magnetic-recording medium by which the vertical magnetic recording was 
carried out. As shown in drawing 9 , by supplying alternating current at the tip 21 of a probe, a 
cantilever receives the Lorentz force crosswise and vibrates. Thus, the optical fiber light 
interference equipment 61 fixed to the migration arm 34 detected vibration of the cross direction 
of the cantilever 1 of drawing 4 , and it inputted into the lock-in amplifier 71 through the preamp 
70, and selection magnification was carried out, having used the signal of AC power supply 80 as 
the reference sign, signal processing of this output was carried out with the signal processor 72, 
the Lorentz force detected the perpendicular magnetic flux of the magnetic-recording medium 
30, and the playback output of the recorded information signal was obtained. 
[0066] This operation gestalt showed the case where the direction of a cantilever was 
perpendicular to the direction of a truck of a magnetic-recording medium, as shown in drawing 
9 , but since an outer product with a perpendicular magnetic-flux component exists also when 
the direction of a cantilever is parallel to the direction of a truck, it is possible to reproduce a 
magnetic-recording signal. 

[0067] In addition, in the magnetic recording of high density, since a perpendicular magnetic-flux 
component increases even if it is not a vertical magnetic recording, in high density magnetic 
recording, it turns out that especially playback of the magnetic-recording signal by such the 
Lorentz force is useful. 
[0068] 

[Effect of the Invention] 

[0069] According to the scanning probe microscope which detects a Lorentz force by this 
invention, distribution of the flux density on the front face of a sample can be investigated, 
without using the magnetic substance at the tip of a probe. Moreover, a recording-on superhigh 
density magnetic-recording signal is reproducible using this approach. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 3] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejue 



2006/01/13 



JP.2003-098061.A [DRAWINGS] 




[Drawing 4] 

70 




[Drawing 8] 




[Drawing 5] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejue 



JP ( 2003-098061,A [DRAWINGS] 




[Drawing 6] 



62 

61 

«** 3^ 



70 



71 







□ * 0 < V 


^10 




> 







tt«S 



□ 2 S < V 
gjgg 



80 



2^ 



J 













mas 



w-13 




1 fcV^HT- 
62 ft:7 7< 

61 3*77 -f /t* 



mm 



P - U > V * 



ii 



7 -f JI/$ 



"12 



GD£i« 



[Drawing 7] 
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